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Low Atmospheric Pressure is Associated with Rupture of
Abdominal Aortic Aneurysms
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Introduction: the rate of rupture of abdominal aortic aneurysms (AAAs) has been shown to have a seasonal variation with
more ruptures occurring during the winter months. One of the main meterological changes between the seasons is a change
in atmospheric pressure. The aim of this study was to investigate whether there was any relationship between atmospheric
pressure and the incidence of AAA rupture.
Methods: all cases of ruptured AAA admitted to a single hospital over a ten year period were identified from hospital
records. Daily atmospheric pressure readings from the nearest weather recording station to the hospital were obtained for the
same period. Cases were only included if rupture could be confirmed by reviewing the patients case-notes.
Results: admission rates for ruptured AAA showed a monthly variation with the highest rate in December and the lowest
in August. There was a statistically significant correlation between the number of cases admitted in any particular month
and the mean atmospheric pressure for the previous month. Neither daily minimum, maximum or mean pressure, weekly
mean pressure or daily pressure variability were significantly different between those days when a ruptured AAA was
admitted and those when no ruptured AAA was admitted.
Conclusions: low atmospheric pressure is associated with increased rate of AAA rupture. The method by which this change
in pressure precipitates rupture cannot be determined from this study.
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Introduction
A seasonal variation in the incidence of ruptured
abdominal aortic aneurysm (RAAA) has been demon-
strated by several authors.1±4 Most of these studies
have demonstrated higher incidences during the
winter season but the exact calendar months found
to have the highest incidence varies between studies.
One principle meterological difference between the
different seasons is a change in atmospheric pressure.5
The aim of this study was to determine whether there
was a seasonal variation in the incidence of RAAA in
Leicester and whether there was any relationship
between atmospheric pressure and the incidence
of RAAA.
Methods
All cases of RAAA admitted to the Leicester Royal
Infirmary during a 10-year period from 1 January
1991 through 31 December 2000 were identified from
theatre records, critical care admission books, the
vascular surgery departmental audit, accident and
emergency department records and hospital death
certificate books. Each patients case-notes were
reviewed and only included in the analysis if the
diagnosis of RAAA was confirmed by the presence
of blood outside of the aorta at operation for aneur-
ysm repair or, in the case of patients deemed unfit for
surgery, if they had a clinical and/or radiological
diagnosis of RAAA and died within 24 h of admission.
Atmospheric pressure records for the Royal Air
Force base at Cottesmore, Rutland were obtained
from the Meterological Office (Bracknell, U.K.). This
is the nearest weather station to the Leicester Royal
Infirmary. For each day in the ten-year study period
figures for the mean sea-level atmospheric pressure
(in millibars (mb)), based on 24-hourly readings from
00:00 to 23:00 GMT, the minimum pressure, the max-
imum pressure and the variability (the daily range
divided by the daily mean pressure, multiplied by
meterological standard sea level pressure of
1013.25 mb) were provided. From this data the follow-
ing figures were calculated: the ten-year mean
pressure for each calendar month, the mean pressure
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for the week (7 days) and month (30 days) immediately
preceding each calendar date, and the change in mean
atmospheric pressure for each day compared to the
previous day in the study.
Monthly incidence of RAAA and mean monthly
atmospheric pressure were compared using Pearson
correlation, comparisons of atmospheric pressure
data between days with and without RAAA was
made using Student's t-test, and monthly variation
in RAAA admissions compared using a Chi-squared
test. Where more than one case occurred on the same
day the data for that day was duplicated.
Results
The 10-year period from 1 January 1991 to 31
December year included 3 leap years giving a total of
3653 days. Atmospheric pressure data was missing for
123 days of this period. In total 580 cases were identi-
fied as potentially having a diagnosis of RAAA. Two
hundred and twenty of these had no case-notes in file
or their case-notes had been destroyed due to a clerical
error. Of the 360 remaining patients 137 were found to
be diagnoses other than RAAA, leaving 223 confirmed
RAAA. The mean atmospheric pressure during the
Fig. 1. (a) Numbers of RAAA admitted by month of admission and the mean atmospheric pressure (mb). (b) Numbers of RAAA by month
of admission and the mean atmospheric pressure in the preceding month (mb). Error bars indicate two standard errors around the mean.
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ten-year study period was 1015 mb (SD 11, range 963±
1048 mb).
The peak month of admission for RAAA was
December (35 admissions, 14%) and the lowest num-
ber of admissions was during August (11 admissions,
5%). The monthly variation in admissions for RAAA
was not statistically significant (chi square 19.6, 11 df,
p 0.05). Numbers of patients admitted with RAAA
by month and the mean atmospheric pressure for that
month seemed inversely associated, though statistic-
ally not significant (Pearson correlation coefficient
ÿ0.542, p 0.069, r2 0.37). Figure 1(a) indicated that
months with low mean atmospheric pressure were
followed by months with high numbers of RAAA.
Figure 1(b) shows the numbers of patients admitted
with RAAA by month and the mean atmospheric
pressure of the previous month. The relationship
between number of RAAA cases per month and
mean atmospheric pressure of the preceding month
was statistically significant (Pearson correlation coef-
ficient ÿ0.832, p 0.001, r2 0.61) (Fig. 2).
There was little difference between days when
RAAA were admitted and those when no cases were
admitted in minimum atmospheric pressure, max-
imum atmospheric pressure, mean atmospheric pres-
sure, variability or the mean atmospheric pressure in
the preceding 7 or 30 days, though the latter was close
to being significant (p 0.05) (Table 1).
Discussion
This study is the first to demonstrate a significant
relationship between atmospheric pressure and rup-
ture of abdominal aortic aneurysms. The mean month-
ly atmospheric pressure for the ten-year study period
was significantly lower in calendar months preceding
those months with high numbers of RAAA cases
admitted.
The only other study examining atmospheric pres-
sure found no relationship with rupture rate and
atmospheric pressure6 but this study also demon-
strated a seasonal variation different to that seen in
this and other studies1±4 and also was based on a
much smaller number of patients (77) over a much
longer period of review (30 years). To infer a direct
causal relationship between atmospheric pressure and
risk of rupture from this data would be incorrect. The
seasonal variation in rupture rates reported by other
authors may simply be occurring in synchrony with
the lower mean atmospheric pressure associated with
the change of the seasons.
In contrast to other studies1 in addition to the win-
ter peak in RAAA a second peak in May was observed
in our study. Our study was based on a single geo-
graphical area and 10-fold fewer patients than that of
Ballaro et al.1 It may be that this finding is due to either
a local geographical factor or a result of the smaller
Fig. 2. Scatterplot of number of RAAA admitted in each calendar
month against mean atmospheric pressure in the previous calendar
month. Error bars indicate two standard errors around the mean.
Table 1. Differences in atmospheric pressure criteria between those days where there were no cases of RAAA and those where there
were cases of RAAA admitted.
Days no RAAA admitted Days with RAAA admitted Difference p y 95% confidence interval
for the difference
n Mean SD n Mean SD
Minimum pressure 3226 1011.36 12.12 215 1010.43 12.22 0.92 0.28 ÿ0.75 to 2.60
Maximum pressure 3226 1016.43 10.23 215 1017.34 10.72 1.09 0.13 ÿ0.33 to 2.50
Mean pressure 3226 1014.80 11.01 215 1013.97 11.35 0.69 0.25 ÿ0.04 to 2.41
Variability 3226 7.06 5.43 215 6.02 5.00 0.16 0.67 ÿ0.08 to 0.01
Mean pressure over
previous weak
3410 1014.60 8.69 222 1014.46 8.07 0.40 0.51 ÿ0.78 to 1.58
Mean pressure over
previous 30 days
3406 1014.22 5.49 222 1014.19 5.86 0.74 0.05 ÿ0.01 to 1.40
Mean change in pressure
compared to previous day
3207 0.07 6.32 220 ÿ0.06 6.89 0.64 0.15 ÿ0.23 to 1.51
Due to missing data for pressure readings not all days have all criteria present or calculated.
y Student's t-test.
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sample size. Since no data on atmospheric pressure
was given by Ballaro et al.1 it is not clear whether the
monthly variation in atmospheric pressure demon-
strated in this study occurred during their sample
period. If the variation in monthly atmospheric
pressure observed in this study were found to be a
true local geographical phenomenon this would sup-
port the hypothesis that low atmospheric pressure
is associated with rupture of AAA. Unfortunately
national data on atmospheric pressure is unavailable
to confirm or deny this finding.
The actual cause of aneurysm rupture at any par-
ticular point in time is unknown. The most consistently
reported factor implicated in rupture is changes in
blood pressure7 although low FEV1, and smoking
were found to be associated with rupture risk in the
U.K. small aneurysm study as well as blood pressure.8
Seasonal changes in blood pressure have been docu-
mented9±11 but no relationship between atmospheric
pressure and blood pressure has been reported. The
only physiological parameter positively associated
with atmospheric pressure is arterial blood gas con-
centrations.12 The precise mechanism by which
reduced arterial oxygen tension may cause rupture
of abdominal aortic aneurysms can only be speculated
upon, but could involve normal physiological
responses to reduced oxygen tension.
The only other medical phenomenon associated
with changes in atmospheric pressure is the onset of
labour,13 with falling atmospheric pressure being
related to a reduction in the onset of labour. The rela-
tionship between low atmospheric pressure and rup-
ture of abdominal aortic aneurysms demonstrated
above may not appear to be immediately clinically
useful but may provide further insight into the
aetiology of rupture.
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